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CFU-E (Colony forming unit-erythroid):
Clonogenic progenitors that produce only one or
two clusters with each cluster containing from 8
to approximately 100 hemoglobinized
erythroblasts. It represents the more mature
erythroid progenitors that have less proliferative

capacity.

BFU-E (Burst forming unit-erythroid): The
size of the colony can be described as small (3
to 8 clusters), intermediate (9 to 16 clusters), or
large (more than 16 clusters) according to the
number of clusters present. These are primitive
erythroid progenitors that have high proliferative
capacity.

CFU-G (Colony forming unit-
granulocyte): Clonogenic progenitors of
granulocytes that give rise to a
homogeneous population of eosinophils,
basophils or neutrophils.

CFU-M (Colony forming unit-
macrophage): Clonogenic progenitors of
macrophages that give rise to a homogenous
population of macrophages.

CFU-GM (Colony forming unit-
granulocyte, macrophage): Progenitors
that give rise to colonies containing a
heterogeneous population of macrophages
and granulocytes. The morphology is similar
o the CFU-M and CFU-G descriptions.

CFU-GEMM (Colony forming unit-

granulocyte, erythrocyte, macrophage.

megakaryocyte): Multi-lineage progenitors

that give rise to erythroid, granulocyte,

macrophage and megakaryocyte lineages,

as the name Iindicates. 18
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Cortical bone

—; Spongy bone
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Patterns of bone marrow infiltration
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ROSSE (1977) (mean, SD)

MAUER (1969)

JANDL (1987)

Cell types Birth 1 month 18 months Childhood Adult
Normoblasts, total 14.48 £ 7.24 8.04 = 5.00 8.21 £ 3.71 23.1 21.5 (14.2-30.4)
Pronormoblasts 0.02 + 0.06 0.10+0.14 0.08 +0.13 0.5 (0.0-1.5) 0.6 (0.2-1.4)
Basophilic n. 0.24 £ 0.25 0.34 £ 0.33 0.50 £ 0.34 1.7 (0.2-4.8) 2.0 (0.7-3.7)

polychromatophilic n.  13.06 + 6.78 6.90 + 4.45 6.97 + 3.56 18.2 (4.8-34.0) 124 (12.2-24.2)
Orthochromatic n. 0.69 +0.73 0.54 + 1.88 0.44 + 0.49 2.7 (0.0-7.8) 6.5 (2.0-22.7)
Neutrophils, total 60.37 = 8.66 32.35+7.68 36.06 + 7.40 57.1 56.0 (45.1-66.5)
Myeloblasts 0.31 £0.31 0.62 £ 0.50 0.06 £ 0.08 1.2 (0.0-3.2) 1.0 (0.5-1.8)
Promyelocytes 0.79 + 0.91 0.76 + 0.65 0.64 + 0.59 1.4 (0.0-4.0) 3.4 (2.6-4.6)
Myelocytes 3.95+£293 2.50 £1.48 249 £1.39 18.3 (8.5-29.7) 11.9 (8.1-16.9)
Metamyelocytes 19.37 £ 4.84 11.30 £ 3.59 1242 + 4.15 23.3 (14.0-34.2) 18.0 (9.8-25.3)
Bands 28.89 +7.56 14.10 £ 4.63 14.20 + 5.23 11.0 (8.5-20.8)
Segmented 7.37 +4.64 3.64 £ 297 6.31 + 3.91 12.9 (4.5-29.0) 10.7 (8.0-16.0)
Eosinophils 270 +1.27 2.61 +£1.40 270+ 216 3.6 (1.0-9.0) 3.2(1.2-6.2)
Basophils 0.12+0.20 0.07 £ 0.16 0.10+0.12 0.06 (0.0-0.8) <0.1 (0.0-0.2)
Lymphocytes, total 15.6 49.0 45.5 16.0 (4.8-35.8) 15.8 (10.8-22.7)
Transitional 1.18£1.13 1.95 £ 0.94 1.99 £ 1.00
Small 1442 + 5.54 47.05 +9.24 43.55 + 8.56
Plasma cells 0.00 + 0.02 0.02 =+ 0.06 0.06 = 0.08 0.4 (0.2-0.6) 1.8 (0.2-2.2)
Monocytes 0.88 + 0.85 1.01 £ 0.89 212+1.59 1.8 (0.2-2.8)
Megakaryocytes 0.06 £ 0.15 0.05 £ 0.09 0.07 £0.12 <1.0 (0.0-0.2)
Reticulum cells 0.3 (0.0-0.5)
M/E ratio 4.2 4.0 4.4 2.9 (1.2-5.2) 2.5 (1.2-5.0)
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NO VISIDIie Iron unaer nign power magmmncaton {x 1uuu)

urage U  INOne
Grade 1 Very slight Small iron particles just visible in few reticulum cells under high power magnification (x1000)

Grade 2  Slight Small, sparsely distributed iron particles just visible under low power magnification (x 100)

Grade 3 Moderate Numerous small iron particles present in reticulum cells throughout the marrow fragment ( x100)

Grade 4 mt;ﬁrate Larger iron particles throughout the fragment with tendency to aggregate into clumps (x100)

Grade 5 Heavy Dense, large clumps of iron throughout the fragment ( x100)

Grade 6 Very heavy  Very large deposits of iron, both intra- and extra-cellular, obscuring cellular detail in the fragment ( x100) 32
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Manifestation Type I Type II Type I
Onset 1 year < 1 year 2-20 years
Hepatosplenomegaly ++ +/— +

Bone disease ++ - +/—
Cardiac valve disease @ — - +

CNS disease -

Oculomotor apraxia -

Corneal opacities -

Age at death
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= Patlent's biood

The IgG antibody is '

directed against the
glycoprotein complex

on the platelet. The attached platelets r
are not counted by
hematology instrumernts,
leading to faisely 5
d

The antbody-coated

platelets attach to

. bands, segmented
neutrophils, and
rarely monocytes.
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Morphology Grading Table

Cell Name Few/l1+ Mod/2+ Many/3+
WBC
Dohle bodies N/A 24 >4
Vacuolation N/A 4-8 >8
(neutrophil)
Hypogranulation N/A 4-8 >8
(neutrophil)
Hypergranulation N/A 4-8 >8
(neutrophil)
Platelets
Giant Platelets N/A 11-20 >20

* If P-LCR, MPV and PDW increase togader.
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* Due to schistocytosis, PLT count Corrected from 253000/ul to 76000/ ul.
* Schistocytosis can increase MPV, PDW and P-LCR Value Falsely.

* Due to n-RNC presence (135n-RBC/100WBC), WBC count corrected from
185000/ul to 8500/ ul.
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This area is used to determine the platelet volume
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The curve does not start at the
baseline possible cause:

* High blank value

« Cell fragments

* High number of bacteria

» Contaminated reagents

* Noise
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Possible causes

The curve does not end at the base
line. Possible causes:
« Platelet clumps
EDTA incompatibility
Clotted sample
* Giant platelets
* Microerythrocytes
* Fragmented or dysplastic RBC's as
in hemolytic anemia
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Type Il

MYHO 0j (55 ©)YA Y o) Q,}I,a,j—p;‘lébnl. II, on),lﬁl&,}wo’w Y. S8

MYHO L b e slae jocw jo Jaga b sla i olS0l calidu plal goc 4aws A Jyo

NMMHCA-positive granules

Number | Shape Size (*m)
Type I 1or2 QOval-spindle | 0.5-2.0
Type II | 3=-20 Circle-=oval | <1
Type III | =20 Circle <0.5

64



PBS Preparation
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4 Chapter 1 Introduction to Penpharal Blaad Smear Fxamination

Figure 1-2  Well-made peripheral blood smear:
{From Roduk BE: Diagnuostic Hemalology.
hiladelphia, WE Saunders, 1995.)

g

Prepare blood films within 4(3) h of the blood collection in K EDTA.
Stain the film within one hour of preparation with a Romanowsky stain,

containing fixatives; or fix within one hour with "water-free" (i.e., <3%
water) methanol for later staining.

. Philadetphia,
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Spreader of PBS preparation
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Peripheral Blood Smear

P . AP

Polycythemia Normal Anemia Gammopathy

Figure 8.1. Macroscopic appearance of blood films. The color of blood smears can reflect severe
underlying abnormalities in hematocrit and the presence of abnormal circulating immunoglobins.
The smear on the left, from a patient with polycythemia vera and a hemoglobin of 20 g/dL,
appears noticeably darker than the normal (hemoglobin = 14 g/dL) and pale anemic sample (hemo-
globin = 7). The blood film on the right, from a case of myeloma, is blue because circulating
monoclonal immunoglobins take up the basophilic stains used in blood smears.
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Examination area Head end

of blood film
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Subfeathery area

feathery end

Figure 8.2. Microscopic approach to blood films. Selecting the correct area to examine is essential
in properly assessing blood films. Regions where red blood cells are well-spaced and almost touch
each other are optimal for examining erythrocytes (right upper panel). Erythrocytes, when examined
too closely to the edge of the slide, appear misshapen and falsely hyperchromic (left lower panel),

whereas those too distant often appear shrunken and agaregated (right lower panels).

Thick area
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Phosphate Buffer, 1so-osmotic
(A) NaH,P0O,-2H,0 (150 mmol/l) 23.4 g/l

(B) NaH,PO, (150 mmol/l)
pH Solution A
5.8 87 ml

6.0 83 ml

6.2 75 ml

6.4 66 ml

6.6 56 ml

6.8 46 ml

7.0 32 ml

7.2 24 ml

7.4 18 ml

7.6 13 ml

7.7 9.5 ml

21.3 g/l

Solution B
13 ml
17 ml
25 ml
34 ml
44 ml
54 ml
68 ml
76 ml
82 ml
87 ml
90.5 ml

Normal human serum has an osmolality of 289 +
4 mmol. Hendry’ recommended slightly different
concentrations of the stock solution, namely,
25.05 g/l NaH,PO, 2H,0 and 17.92 g/l Na,HPO, for
an iso-osmotic buffer.

Phosphate Buffered Saline

Equal volumes of iso-osmotic phosphate buffer and

9 g/l NaCl.

Phosphate Buffer, Sorensen’s
Stock solutions:

66 mmol/l 100 mmol/l 150 mmol/l
(A) KH,PO, 9.1 g/l 13.8 g/l 20.7 g/l
(B) Na,HPO, 9.5 g/l 14.4 gl 21.6 g/l
or Na,HPO,- 119 g/l  18.0 g/l 27.1 g/l
2H,0

To obtain a solution of the required pH, add A
and B in the indicated proportions:
pH A B
5.4 97.0 3.0
5.6 95.0 5.0
5.8 92.2 7.8
6.0 88.0 12.0
6.2 81.0 19.0
6.4 73.0 27.0
6.6 63.0 37.0
6.8 50.8 49.2
7.0 38.9 61.1
72 28.0 72.0
7.4 19.2 80.8
7.6 13.0 87.0
7.8 8.5 91.5
8.0 5.5 94.5

This buffer is not iso-osmotic with normal plasma
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RBC Maturation Series

Dysplasia in Myelodysplastic Syndrome

Dysgranulopoiesis g

S Rl RGN

Cytoplasm size shape color

R ~e — A ‘

Normal Pseudo-Pelger- Macrocytosis Chromatin Hypo-, agranulation Asynchr. maturation
segmented neutrophil  Hiet anomaly clumping of cytoplasm nucleus - cytoplasm )-‘
Dyserythropoiesis i ——

. Nuclear size shape color
.0 ..a’. L
Normal Nuclear bridging Nuclear Multiple  Cytoplasmic Macrocytic / megalo- ; @ O
erythroblast lobulation nuclei granules blastic changes R L b33

Dysmegakaryopoiesis ) ’
Chromatin pattern with nucleus

RN

\

| |
‘ ‘ o o ‘ e @
Normal Separated single Mikromega- Small binucleated Rund, non-lobulated
megakaryocyte Nuclei karyocyte ~ megakaryocyte  megakaryocyte

Cantu Rajnoldi et al. Ann Hematol 2005;84:429-33
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ROROROX®

Group Il Group Il Group IV
, [
RP = RET [%] ) HCT [L/L] (patient) Bone Marrow | Peripheral Blood
RET maturation time 0.45 (standard HCT) I as 3s
in blood in days ] i

Example: 33 3.0 {f %77'////

Patient values: HCT= 0.25 L/L, reticulocytes = 20 >
.25 -5 ;
20 [%] . 0.25 " .15 T

=55 N

RPI =

2 0.45 bk iy ikl T 1 plaSa S5l ol 4 S slSed) Eols G5 F ol i) o1 Jgar
Maturation stages according Morphological description Quantification according to Seip
to Heilmeyer (normal %)
Stage O Nucleus
Stage | Reticulum consists of dense clots <Q.1
Stage Il Loosely arranged reticulum 7.0
Stage IlI Diffusely arranged reticulum 32.0

Stage IV Some scattered granulae 61.0 175




Anemia

CBC, reticulocyte
count
1
Index < 2.5 Index 2 2.5
Red cell Hemolysis/
morphology hemorrhage
- Blood loss
Normocytic Micro or
normochromic macrocytic - Intravascular
hemolysis
- Metabolic defect
H iferati M tion disorde
ypoproliferative aturation disorder | | e
Marrow damage Cytoplasmic defects Y
* Infiltration/fibrosis « lron deﬁdency - Hemoglobinopathy
. i * Thalassemia
- Iron deficiency » Sideroblastic - Immune destruction
anemia
~ 4 Stimulation -~ Fragmentation
* Inflammation = Nuclear defects hemolysis
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Reticulocyte count

in blood (%)
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Number of cells to be counted

to achieve aCV of 5%
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LFR

Low-Fluorescence Reticulocytes
Little content of RNA

Mature reticulocytes

Reference range: 86.5-98.5%

MFR

Medium-Fluorescence Reticulocytes
Medium content of RNA
Semi-mature reticulocytes

Reference range: 1.5-11.5%

HFR

High-Fluorescence Reticulocytes
High content of RNA

Immature reticulocytes

Reference range: 0-1.4%

FSC

Forward scatter

RET
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SFL

Fluorescence
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forward scatter

Erythrocyte Reticulocyte
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Normal Range

RET 0.5-2
LFR  86.5-985
MFR  1.5-113
HFR 0-1.4

IRF 1.1-15.9

15: 46

- : NO. 596925
- : -
' : - VBET %  11.52 (%]
M H : +RET % 29951x1071 ]
- - - -RBC 260 [x10"/5 |
: : : LR 66.0 (%]
' - +MFR 25.7 %]
' - +HFR 8.3 (%)
' ) .
- : PLT DISCRIMINATION ERROR
.
N
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I,WF,'?AE,‘?FA,?;‘P?%JWPW?V,’ _Autn. | Marus ! c!@",f#,l Upper | Lower

Name | Comment |
Main |Graph |WBC/NRBC|RBC/PLT |Cumulative|Q-Flags|Service | HPC

Items Extended RET
Item Data Unit Item Data Unit
RBC 1.70| - [10A6 fuL RET-He| 31.0 pPg
2RC.0 1 A1 1OAR Zu RBC -He 32.1 pPg
HGB 5.8|-|g/dL D-He -1.1 aYe
- . RET-Y | 170.4 ch
MCV 108.2| |fL RBC-Y | 173.7 ch
MCH 34.1 pga IRE -Y 65.01 Ich
MCHC | 31.5| |[g/dL
RDW-SD 93.5 |+ |fL
RDW-CV| 24.5|+ (% :
PLT 110| |10A3/uL Itzm OD;‘;:( ](*U/\T :
PLT-I 110 1C|A3,/UL. |FRE? ‘.lﬁ) 8( }/ '/Ul
PLT-0 | 105| [LoA3 uc JIFRER 1 Ml 18
POW 11.3) L Normal Ranges at
MPV 10.3| |fL

P-LCR | 26.4| |% PDHNH

PCT | 0.11|-|%

Reticulocyte %

o J /0
LFR 83.7| |%
52 1a 8| la Range- 0.39%-1.85%
HFR 1.5| |%

Literature — 0.2 - 2.5%

RET% g HCT Lobul u oS (510 5515 Juw Janwg RPT S5la 51 donalina 1)+ —FPY* JSC&
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Morphology Grading Table

Cell Name Few/1+ Mod/2+  Many/3+
Schistocytes <1% 1-2 >2
Sickle cells N/A 1-2 >2
Bite cells N/A 1-2 >2
Blister cells N/A 1-2 >2
[rregularly N/A 1-2 >2
contracted cells

Howell-Jolly bodies N/A 23 >3
Pappenheimer bodies N/A 2-3 >3
Oval macrocytes N/A 2-5 >5
Polychromasia N/A 5-20 >20
Acanthocytes N/A 5-20 >20
Echinocytes N/A 5-20 >20
Elliptocytes N/A 5-20 =20
Ovalocytes N/A 5-20 >20
Spherocytes N/A 5-20 =20
Stomatocytes N/A 5-20 =20
Target cells N/A 5-20 =20
Teardrop cells N/A 5-20 =20
Basophilic stippling N/A 5-20 =20
Anisocytosis N/A 1120 =20
Macrocytes N/A 11-20 =20
Microcytes N/A 11-20 =20
Hypochromic cells N/A 11-20 =20

Morphology Grading Table

Cell Name Few/1+ Mod/2+  Many/3+
WBC
Dohle bodies N/A 24 >4
Vacuolation N/A 4-8 =8
(neutrophil)
Hypogranulation N/A 4-8 >8
(neutrophil)
Hypergranulation N/A 4-8 >8
(neutrophil)
Platelets
Giant Platelets N/A 11-20 >20
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